Electrical injuries though infrequent, are potentially devastating form of injuries which are associated with high morbidity and mortality. The severity of the injury depends upon intensity of the electrical current which is determined by the voltage and the resistance offered by the victim. These injuries vary from trivial burns to death. There have been few reports about pulmonary injuries due to electrical current but none mentioning neurogenic pulmonary edema (NPE). Here we report a young boy who when exposed to high-voltage current developed neurogenic pulmonary edema and was successfully managed. Though there is no specific protocol for electrical injury but identifying the organs involved along with type of disease facilitates the management.
IntroductIon
Electrical injury should be managed as a multisystem injury as there is virtually no organ that is protected against it. Type and extent of an electrical injury depends on the intensity (amperage) of the electric current which is dependent on voltage of current and resistance offered by body. The same voltage will generate a different current causing a different degree of damage because resistance varies significantly between various tissues. 1 Here we present an unusual case of neurogenic pulmonary edema developed after high-voltage shock and its successful management.
cAse descrIptIon
A 23-year-old man was brought to emergency with alleged history of electrical injury by high-voltage current when high-voltage electric cable (440 v) broke and came in contact with metal wire over which he was drying his clothes. He presented to the emergency department within 5 minutes of the contact with the current. He was not breathing but radial pulse was palpable. On examination patient had entry wound in right palm and exit wound in left hand. ECG showed first degree atrioventricular block. Chest X-ray showed diffuse heterogeneous alveolar opacity suggestive of pulmonary edema ( Fig. 1 ). On performing screening echo biventricular function appeared normal with no pericardial effusion. USG chest showed multiple bilateral B lines with continuous pleura, with an initial lung ultrasound (LUS) score 2 of 24 ( Fig. 2 ). Blood gas analysis showed type 2 respiratory failure. Patient had normal electrolytes, CPK MB, NT-pro BNP, renal and liver function test.
Patient was intubated and started on mechanical ventilation. Endotracheal tube aspirate had pink frothy to white secretions. Patient was shifted to the ICU as he was not able to maintain saturation even with 100% FiO 2 . Blood gas analyses showed severe hypoxemia (PaO 2 /FiO 2 62.4) and managed with low tidal volume and high PEEP mechanical ventilation settings. Radiology of extremities and spine were normal. Noncontrast CT chest showed ground glass opacities in central lung in the bilateral upper, right middle lobe and superior segments of bilateral lower lobes with subtle interstitial thickening.
Patient was given adequate fluid resuscitation with normal saline infusion at a rate of 1.5 L/hour, aimed to maintain a urine output of 200-300 mL/hour. This was in anticipation of expected rhabdomyolysis which is expected in post electric shock patients and may result in acute kidney injury. 3 Pulmonary edema was initially managed with high PEEP of 16 and low tidal volume of 300 ml, FiO 2 of 100%, respiratory rate of 26 to maintain minute ventilation of 5 mL/kg. The patient was kept sedated and paralysed initially, while gradually titrating FiO 2 and PEEP. His LUS score improved from 24 to 16 within 24 hours. His FiO 2 requirement decreased to 40%. Paralysis was stopped after initial 6 hours and sedation was discontinued the next day. He was given spontaneous breathing trial and after a successful spontaneous breathing trial (SBT) he was extubated on 3rd day over CPAP to prevent complications of delayed extubation. He was further weaned off from CPAP over the next 24 hours. During the course, he had elevated serum creatinine kinase which increased for first 2 days to 3001 and then started decreasing and normalized to 112 on the 5th day post-injury. Chest radiograph performed on day 7 showed complete resolution of the opacities, and the patient was discharged.
dIscussIon
Our case had electrical injury while he was drying his wet clothes on a metal wire and high voltage (440 volt) electric cable broke and came in contact with that wire. As sweat decreases skin resistance by 1000 Ω, wet skin in our case offered no resistance at all and caused injury with maximum intensity possible with that voltage. 4 Another important consideration is pathway of the current through the body (from the entry to the exit point) which determines the number of organs that get affected. Our patient had entry wound in right hand and exit in left hand forming a horizontal pathway from hand to hand which spared the brain but still could be fatal due to involvement of the heart, respiratory muscles, or spinal cord. 5 Respiratory arrest is recognized as one of the important causes of acute death in high voltage electrical injuries even without specific injuries to the lungs or the airways. It is usually the result of direct injury to the respiratory control centre leading to cessation of respiration, or due to suffocation caused by tetanic contractions of the respiratory muscles, which occurs when the thorax is involved in the current pathway. Direct injury to the spinal cord in the form of transection at the C4-C8 level can occur with a hand-to hand current flow which often leads to "locking-on" phenomenon causing prevention of victim's hand separating from the electrical source. Autonomic instability causing hypertension and peripheral vasospasm have also been described in electrical injuries and are believed to result from massive release of catecholamine. 3, 6, 7 There have been only a few case reports of electricity-associated lung injuries. The first case presented as acute cardiogenic pulmonary edema that followed electricity-induced ventricular fibrillation and cardiopulmonary resuscitation. 8 While in other focal lung injury has been reported in an electrician after a low-voltage shock (380 V) which was complicated by respiratory arrest and subsequent cerebral oedema. An area of consolidation was seen in right lower lobe, with no additional respiratory complications. 9 Two cases were reported due to high-voltage electric current (≥1000 V), having focal consolidation on lung imaging, and were managed with surgical resection. 10, 11 Our case presented within a short duration of an accidental electrical injury and expectoration of pinkish frothy secretions from endotracheal tube along with chest X-ray and USG findings were suggestive of pulmonary edema. Cardiac dysfunction was ruled out by normal cardiac enzymes and echocardiography. In view of the rapidity of the onset of symptoms, the possibility of neurogenic pulmonary edema was considered.
A B C D E
Enhanced secretion of catecholamines from peripheral sympathetic nerve endings (Blast theory or catecholamine surge) result in peripheral vasoconstriction causing an increase in systemic vascular resistance and subsequently an increase in systemic BP together with the augmentation of central blood volume and a reduction in the compliance of the LV. These changes are followed by the constriction of the pulmonary veins which lead to increase in pulmonary capillary hydrostatic pressure and later leading to damage of alveolar wall and leakage of fluid into the interstitium and intra-alveolar space along with hemorrhage resulting in the typical picture of neurogenic pulmonary edema. 12-14 while Smith et al. observed that in 7 out of 12 cases it is the increased pulmonary hydrostatic pressure which causes neurogenic pulmonary edema and not the increased lung capillary permeability. 15 conclusIon Electrical injury is often life threatening, detailed history regarding type of electric source and surroundings often helps in understanding the pathway of current thus helping in determining the organs involved. Pulmonary enema following electric injury can be cardiogenic or noncardiogenic. The management primarily consists of supportive care and adequate oxygenation in the form of either noninvasive or mechanical ventilation. This condition has a high risk of mortality if left unrecognized and untreated and therefore must be kept in mind while managing a patient with electrical injury.
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